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(54) "nOe: DEVICE AND METHOD FOR TRANS MYOCARDIAL REVASCULARIZATION 
(57) Abstract 

A device (22) for inscrticn tnlo ths bean wall (25) 
suited for T^ans Myocartlial Revascularization (TMR) provid- 
ing means for the delivery from the heirt chamber into the 
hxm wall (25) of blood nutrients. TTie device (22) has a hol- 
low c>-!indrical body (21) cor.taiain^ a cavity and side ports 
(23) ;:rjatcd within that cavity. The cavity is in fluid commu. 
niciiioa with the heart chamber. The side ports (23) are in Huid 
communication with the heart waU (25). Distal and proximal 
end regions of the device (22) provide meani (65) to secure 
Ac device In the heart wall. In addition, z system 06) for the ' 
inscTJOfl of the device (22) including a tubular body (40) arul 
a needle point (43) is disclosed. A raediod for TWR indudcj 
L.C steps of displacement of myocardial u'ssuc, or cicaiicn of a 
channel in that tissue, and placement into heart waU (25) of a 
stent (22) in the apace generated by displaced tissue or channel 
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Device and Method for Trans Myocardial Revascularizat 



xon 



^^u"^ Ufe sysce^s Corporation. cosca „esa. 



California. 
Technical Field: 



ttxB lotion is generally directed to the fields of cardiac 
surgery and interventional cardiology, and particularly 

to the heart noiscle by Trans Myocardial Revascularization (iw,. 
Background of the invention: ' ' 

rH^or^" """^ not 

respond to n«d.cal or interventional treatmnt is a major 

oTsinuT-dT cardiologists. The discoX 

ot sinusoidal =o«nications within the myocardium (Weams is.jT 
has motivated researchers to atten^t various methods ^o- 
"yocardlal revascularization based on the existence « I'l 
vascular ^sh network. These ..thods aimed at the deKvery « 

Se^al L» . "°" " "-^^^ n^ocardium. 

airecciy from the left ventricle into the myocardi;,! o-: 
^employing needle acupuncture to create Z^^'^, ~ 

^ic^TT <™> been en^Uyld 

^ e LZT" '° — i-lar .^cardium. 

T^ae channels are typically i mm in diameter and extend 
throughout the wall thickness ,15 to 20 ™, of the ventricU u 
for o^ "-^-^ P-<-i-=ing a fluid col 

c^-JT""" """^ " endocardlac surface ,hea^ 

Chamber, to the myocardium inner layers thus providing oxygenated 
hlood to myocardial cells without re,^lring coronary ^i^^tZ^. 
" - reptiles. ^i.el studies in the caninT mo^e v" 
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demonscraced tha feasibility of this approach. i„ these scudi-s 
an increase in survival rate was demonstrated in doas that had 
transmural channels and licated coronary arteries 
While Clinical studies have demonstrated improvements in patient 
status following rm. histological studies indicate that the 
Channels created for i«R tend to close shortly after the 

ri'l"' ,7'°^.^^' P-^-^i- Clinical trials are undervay 
to examine the merxt of rm compared to medical treatment. la the 
meantime, research studies are being initiated to provide an 
understanding of the mechanism by which rm actually works 

oateZ'^ T " '^^^ n^intaining' the 

patency of rm channels created within the myocJdium 
Furthermore, it would be desirable to create channeTs ,t ^ 
without requiring the use of an expensive and bulky laser system 
such as the currently available CO, laser system.This invention 
provides the desired means for producing trans myocardial 
Channels that are li.ely to remain patent, and tha^ do It 
require laser application for generating these channels. 

specifically, the objective of the present ' invention .'s to 
generate needle-made channels or space in the ischemic heart 
wall, and to place in these channels (or space) an a^ray of 

nutrient, to ischemic myocardial tissue. Nutrients flow to th. 
stented channels from the ventricular cavity, and diffuse ,r!^ 
the side ports of the stent to the myocardial tissue tI!o ^ IhT 
neadle-made channels. - ^ 

c^a^eU supported by the recent .clentitic evident 

^'"'^"-'^ ch^nex/c „ 

Protec. ischemic tissue, whittaker et al assessed myocardial 

'Id . r ■"'"^ """="^ Circulation. «,ey 

.cund that Channels created by a needle can protect the heart 

IZZ '° '-"^-^^ ^han Channels 

cr.ated by laser. The limitation of needle-made channels is early 
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Closure (Pifarre. 19S9) . Tne disclosed stenting approach offers 
a Possxble solucicn to .he early closure problem «hile ZlZ 
advantage of single and effective needle-^de channels for^^' 

Sunnary o£ Che iovencion: 

•tM= iiivantioa provides stent end needle means for creatine 
^-cainin^ . patent l™en in the diseased n^ocardij. ™ 1^ 
provides a conduit for the £lo. of blood nutrients t^ T 
ventricular chamber to the i.tra™,ocardial vascular n't Jr^x.^ 
stent can be used as the sole therap, or as an a«uncttTthe^ov 
to other forms of Tm. therapy 

Kevasculariration of the myocardium can be achieved . - 
^axntainea by creating stented, needle-„«de. cha„neir.rtS„ tt 
^ocardral tissue. These channels can allow b.ood ^utte't^ 
"ithxn the left ventricular cavity to find direct access to 
ische^c zones within the ventricular wall independent « access 
through the coronary arteries. 

flexible and noid stents, screw stents, sleeve stents and 
oU.ers. Manual or powered .eans are disclosed for the placement 
o- the stent rn the heart wall. n.e proximal end of the stelt 
terminates at the epicardial surface and provides me^L^' 

stent is designed so as to maintain an adeo-^te pressure 
9-d.ent between the left ventricle and the myocardial t!" 
order to maintain the flow from the ventricular cavity to ^. ' 
"3^cardial tissue of blood nutrients ^ 

TXZllT''''"''^ ^ -'^y -ich can 

h,„ rr ' operation so as to enhance the flow of 

a a min-"^"^"!'^ — c^^a e 

an Lter^S"^ " '="''"° "^-"^"^ contraction or by 

eia external energy source. 

, ' "'^'^'^ ^P"^-^' ^i?^^ -ieeve, hollow screw, helical 

screw, and pumping (active) at-'-t Tno . neiicai 
a dve; 9u„.t. Tne stent can be prestressed 
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or made from memory metal in order to minimize the size of the 
stent during the insertion process. 

Brief description of the drawings: 
In the drawings: 

Figure 1 Is a cross-sectional viav o£ a rm stent inserted 1„ a 
heart «all T.e sent is configured as an e=cpa„dable coil apri-g 
having an integral anchoring wire. 

Figure 2 is a cross -sectional view of a rm stent having the 
configuration of a rigid sleeve having side ports. 

Figure 3 is a cross-sectional view of a rm stent having th- 
configuration of a hollcv screw with side ports. ' 

Figure 4 is a cross -sectional view of a TOR stent having th^ 
configuration of a wire screw. 

Figure 5 is a cross sectional view of a flexible stent havina an 
integral anchoring coil. 



Figure 6 is a cross -sectional view of a tor stent having the 
configuration of a miniature pump. * 

Figure 7 shows a device and method for insertion into the hear- 
wall of a TOR stent. 

Figure 8 shows an alternate device and method for insertion into 
the heart wall of a TOR stent. 

Figure 9 shows a catheter device and method utilizing a 
percutaneous access for insertion of a TOR stent into a ne^d^e- 
niade space within the heart wall. 

Fig-are lO shows an alternate catheter device and method utilizinc 
a percutaneous access for creating a channel in the heart wall" 
and for insertion in this channel of a TOR stent. 



} 
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Descripcioa of preferred embodiments- 

Figure 1 Shows a flexible im stent having a coil spring body 21 
def.nxng a cavity 22 and spacing 23 between the turns of said 
sprang body. i„ chis en^odiment, blood nutrients flow froV.H 
heart chafer 2. to the heart wall 25 by passage through the coU 
sprxng cavity 22 and spacing 23. An anchoring wire 6S sL u 
stent to the heart wall. " 

cavxty 2, sxde ports 3. retainer 4. and closure 5 m thL 

• Ltb r* """""" ' transported fro. the heart 

^amber (ventricle) 7. through the cavity l and side ports 2 to 
the heart wall 8. , t^orcs 2, to 

Mgure 3 Shows s TME stezt which is a hollow screw havin, . 
15. In this embociment, bleed nutrients flow from th*. l 

figure 4 shows s IWS scene which is a hollow wire screw havl„, 
Ih .h.s e^odi^,. ^^^^^^^ 

wix-e 16 and side ports 17. 

Figure 5 s.howB a flexible stent having a coil body 2 6 anH 
-coring coil 27 which is an integrafpart of t^ stenr^h^ 
-chorxng coil prevents detachment of the stent fro. the hea" 



I'c'Tvitv TV T ''^'^^ ^^"^^ ' cylindrical body 28 defining 

Le I / I : " ' ^^'^^ «ide ports 32 

are sxtuated within the cavity 29 Tn th^c «mv ^- 
Rutr-'er-c *i * <i*vicy 29. In this embodiment, blood 

r.utr.encs flow from the heart chambe- 33 to thp n,,^ • 
29. The V3i«.« -an • • *«i«3e. jj to the pumping cavity 

The valve 30 is activated and the pumping element 31 eperatel 
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Lo displace the blood from the pumping cavity 29 through side 
ports 32 to the heart wall 34, 

Figure 7 shows the construction and method of use of a delivery 
device for creating a pathway in the heart wall and for placement 
of a myocardial stent in this pathway. In this figure, a needle 
obturator 36 carries a stent 35 having an anchoring wire 37, The 
obturator and stent are inserted through the heart wall 38 until 
the endocardiac surface is reached. Additional improvements 
include a channel 66 that is placed in the obturator body to 
provide indication that the obturator^s distal end 67 has crossed 
the endocardiac surface 39. 

Figure 8 shows the construction and method of operation of an 
alternate delivery system for placement in the heart wall of a 
TMR device. Figure 8A shows a delivery system having a pin 40 and 
handle 41 having a locking device 42. An obturator 43 is mounted 
in the pin 40. The obturator 43 has a recess 44 (Figure 8B) to 
engage the distal end of a TMR device 45. The pin 40 has a recess 
46 (Figure 8B) to engage the proximal end of a TMR device 45. The 
method of use involves the placement of a TMR device 45 over an 
obturator 43. The pin 47 is then rotated to create a radial 
stress on the rm device 4 8 {Figure 8D) . The pin 47 is locked 
into the handle 49 (Figure 8C) . Advancement trough the heart wall 
50 of the obturator and TWR device is achieved by pressing the 
obturator through the heart wall (Figures- 8E. 8?) , The pin 51 is 
released from handle 52 by withdrawing the locking device 53 
(Figures 8G, 8H) . This causes the TMR device 54 to be released 
from the obturator 55. The obturator 55 is then pulled back from 
the heart wall 56 leaving the TMR device 57 imbedded in the heart 
wall (Figure 81) . 

Figure 9 shows a catheter 58 having a slidable wire 59 which 
terminates at its distal end into a needle point 60. A stent 61 
is mounted proximal to the needle point. Advancing the needle 
spreads the heart wall tissue and positions the stent into that 
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tissue. Withdrawal of the needle releases the stent in the heart 
wall. 

Figure 10 shows a catheter 62 which incorporates a slidable wire 
63 that terminatefi at its distal end into a drill or other 
mechanical attachment for making holes in the heart wall tissue. 
A stent 64 is motinted proximal to the drilling tool on the 
slidable wire. Advancing the drilling tool creates a channel in 
the tissue and positions the stent in this channel. Withdrawal 
of the drilling tool releases the stent in the heart wall. 

The disclosed OMR device is expected to incorporate a cavity 
having a diameter in the range of 1-5 millimeters and a length 
in the range of 10-30 millimeters. The body of the TT-IR device is 
made of a bio-conpatible material that resists clot formation; 
such as stainless steel. The T>(R device may also be coated with 
a material, such as gold or carbon, that further reduces thrombus 
formation at the surface of the TMR device. The TMR device may 
also be made from carbon, gold, platinum, or other suitable 
materials . 



The number of TMR devices used for each patient depends on the 
size of the device and the surface area of the heart segment that 
is being revascularized. For example, a small segment may require 
only one TMR device while a large segment may require 10 TMR 
devices to be inplanted in the heart wall. 
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We claim: 

1. A device suitable for Trans Myocardial Revascularization 
(TMR) , Wherein the improvement cooorises a body which can 
be implanted in a heart wall in order to provide a conduit 
for the flow of blood nutrients from a heart chamber to 
said heart wall. 

2. The device in accordance with claim 1 wherein said body 
includes a cavity that is in fluid communication with a 
heart chamber. 

3. The device in accordance with claim 2 wherein said device 
is made frcm a material that resists thrombosis. 

4. The device in accordance with claim 2 wherein said cavity 
is coated with a material that resists thrombosis. 

5. The device in accordance with claim 2 wherein said body is 
made from a memory metal alloy. 

6 A device in accordance with claim 1 wherein said body 
includes a cavity that is in fluid communication with a 
portion of the heart wall. 



7. 



The device in accordance with claim 1 wherein said body is 
rigid. 



a. The device in accordance with claim 1 wherein said body is 
flexible. 

9. The device in accordance with claim 1 wherein said body is 
expandable . 



10. The device in accordance with claim 1 wherein said body is 
tubular. 
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11. The device in accordance with claim lo wherein said tubular 
body is a rigid sleeve having at least one side port. 

12. The device in accordance with claim lO wherein said tubular 
body is a spring. 

13 . The device in accordance with claim 10 wherein said tubular 
body is a hollow screw having at least one side port. 

14. The device in accordance with claim lo wherein said tubular 
body is a hollow wire screw having at least one side port. 

15. The device in accordance with claim l wherein said body 
includes a cavity and said cavity terminates at one end 
into a closure means. 

IS. The device in accordance with claim l wherein said body 
includes means for securing said device to the heart wall . 

17. The device in accordance with claim 1, further including 
valve means in said body. 

IB. The device in accordance with claim l. further including 
punp means in said body. 

19. A method for performing TMR consisting of the following 
seeps : 

a. Identifying a portion of a heart wall that is targeted 

for treatment by TMR; 
t> • Obtaining access to the heart wall ; and 
c. Inserting a TMR device into the heart wall. 
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20, A method for perfonning TMR consisting o£ the following 
steps: 

a. Identifying a portion of a heart wall that is targeted 
for treatment by TMR; 
Obtaining access to the heart wall; 

c. Creating a channel in the heart wall; and 

d. Inserting a TMR device into the heart wall. 

21, A delivery system suitable for delivery to a heart wall of 
a TMR device, characterized in that said delivery system 
consists of the following: 

a. Means to carry said TMR device; 

b. Means to penetrate the heart wall; and 

c. Means to release said TMR device within the heart 
wall. 



22. A method for the placement in a heart wall of a suitable 
TMR device, said method including the step of insertion of 
said TMR device into the heart wall. 

23 . A method in accordance with claim 22 wherein said insertion 
is accomplished by turning the TMR device into the heart 
wall. 



24. A method in accordance with claim 22 wherein said insertion 
is acconplished by pushing the TMR device into the heart 
wall. 

25. A method in accordance with claim 22 wherein said insertion 
is performed by eTiroloying mechanical means, 

26. A method in accordance with claim 22 wherein said insertion 
is facilitated by the use of obturator means for spreading 
Che heart wall during said insertion of said TMR device. 
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31. 
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27. A method in accordance with claim 22 wherein said insertion 
is facilitated by the release into the heart vail of an 
expandable pre- stressed TMR device. 



A delivery device for inserting a 17-01 stent into a heart 
wall; said delivery device characterized in that a tubular 
body carries the stent and inserts said stent in the heart 
wall . 

29. The delivery device in accordance with claim 28 wherein 
said delivery device has a needle point for creating a 
pathway in the heart wall. 



The delivery device in accordance -..-ith claim 28 wherein 
said delivery device has means for insertion of the stent 
into said pathway. 

The delivery device in accordance with claim 28 wherein 
said tubular body has proximal and distal ends, and said 
delivery device has a. channel that is in fluid 
comaiunication with said proximal and distal ends. 



wo 97/32551 PCTAJS97/03523 

12 

AMENDED CLAIMS 

[received by the International Bureau on 5 August 1997 (05.08,97); 
original claims 1-18 amended; remaining claims 
unchanged (3 pages)] 

1. A acent fcr Trans Myocardial Revascularizacion in a 
portion of a heart wall wherein the improvement 
comprises: an elongated body; the elongated body 
being adapted to be secured in an opening formed in 
a heart wall and including means for holding the 
elongated body in place in the heart wall opening. 

2- The stent of claim 1 wherein the elongated body has 
an outside, surface and an inside surface, and 
includes an internal cavity bound by the inside 
surface. 



3. The stenc of claim 2, further including at least one 
opening connecting the internal cavity to the 
outside surface. 

4. The stent of claim 1 wherein the elongated tubular 
body is a rigid sleeve with at least one opening 
comprising a side port therein. 

5. The stent of claim 4 wherein the rigid sleeve has a 
plurality of side ports therein. 

6. The stent of claim 1 wherein the elongated tubular 
body is a spring, 

7. The stent of claim 1 wherein the elongated tubular 
body is a hollow screw with at least one opening 
comprising a side port in the hollow screw. 

8 , The stent of claim 7 wherein the hollow screw has a 
plurality of side ports therein. 

9. The scent of claim 1 wherein the elongated tubular 

body is a hollow wire coil with at least one opening 
comprising a side port therein. 



AMENDED SHEET (ARHCLE 19) 
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10- The scent of claim 9 wherein che hollow wire coil has 
a plurality of side ports therein. 

11. The stent of claim 1 wherein the elongated tubular 
body has an internal cavity with two ends, and one of 
the two ends closes the cavity at that end. 

12. The scent 'of claim 1 wherein the means for securing 
the elongated body in place in an opening comprises an 
integral anchoring means. 

13. The stent of claim 12 wherein the elongated body is a 
spring having two ends and the integral anchoring 
mean^ comprises a seem and an arm secured to one of 
the two ends. 

14. The stent of claim 12 wherein the elongated body is a 
rigid sleeve having two ends with a plurality of 
openings extending through the rigid sleeve; and the 
integral anchoring means comprises a retaining means 
formed at one of the two ends. 

15. The stent of claim 12 wherein the elongated body is 
rigid and has two ends with a screw thread being 
formed on the outside surface thereof; and a plurality 
of openings are formed in the elongated rigid body 
extending from the internal cavity to the outside 
surface. 

IS. The stent of claim 15 wherein the screw thread formed 
on the outside surface is the integral anchoring 
means . 
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17. The stent of claim 12 wherein the elongated bod/ is a 
hollow wire coil having two ends and a plurality of 
openings formed therein; and the integral anchoring 
means comprises a mechanical anchor formed at one of 
the two ends. 

18. The stent of claim 1, further including valve means 
and pump means secured in the elongated body. 

19. A method for performing Tf4R consisting of the 
following steps: 

a. Identifying a portion of a heart wall that 
targeted for treatment by TMR; 

b. Obtaining access to the heart vail; and 

c. Inserting a TMR device into the heart wall. 
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STATEMENT UNDER ARTICLE 19 



The replacement pages 8, 9 and 9A contain new claims i through 18 
to replace old claims 1 through 18. Claim 1. the only independent 
Claim, now specifically claims an elongated body, and that the 
elongated body is adapted to be secured in an opening formed in a 
nearc wall and includes means for holding the elongated body in 
plage in the heart wall opening. ^ ^ 

Si^t^ I through 18 are dependent on claim l. and have been 
moaiiied to include further specific structure. 

IJ^ff replacement claims 1 through 18 are felt to more properly set 
with rS^^^^I?*'^''? stent in view of the cited patents included 
Tdrio'c^ f°^^f^<=ation of the 24th of April. Nothing new had been 
adaea by these new claims 1 through 18. since the specification as 
-ilea, and the drawings discuss and show all of the claimed 
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